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SONNET WRITTEN ON A SEPTEMBER EVENING 


The Lyre and the Swan are overhead; 
They tremble in the fitful wind that blows 
From that far margin where Capella throws 

Her flashing colours,—violet, gold and red: 

The lingering twilight in the west is fled, 

Even the sad last slip of faded rose 
And olive, nursing briefly ere its close 

The slim young moon; these with the day are dead: 


And now the cloudy galaxy aloft, 
From north to south in mighty circling sweep, 
Binds the wide heavens with a radiance soft; 
The chill night airs with fretful sighing keep 
The mind in awe of some relentless hand, 
Rounding the year at Autumn’s stern command. 


GEOFFREY BELL. 
Paris, Ont, 
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MEETING OF THE AMERICAN ASTRONOMICAL 
SOCIETY 


By C. A. CHANT 


The thirty-sixth meeting of the American Astronomical Society 
was held at the Maria Mitchell Observatory, in the quaint and 
historic town of Nantucket, Mass., on September 7 to 10, 1926. 
The weather was pleasant, the attendance was large, and many 
papers were presented. Professor G. C. Comstock, of Madison, 
presided at the various sessions in a very efficient manner, and in 
the absence of Professor Joel Stebbins, the secretary, Professor F. 
Slocum ably performed his duties. 

It was at Nantucket that the first distinguished American woman 
astronomer was born on August 1, 1818, and her old home is 
now known as “Memorial House”, while adjoining it is the 
observatory, and across the street is an excellent library and 
lecture room. Maria Mitchell was professor of astronomy at 
Vassar College from 1865 to 1888, and the following year she 
died. The observatory is controlled by the Nantucket Maria 
Mitchell Association, and its director is Miss Margaret Harwood, 
who is assisted by Miss Margaret L. Walton. The success of 
the meeting was largely due to the excellent arrangements made 
by these two ladies. 

There were some 46 papers presented, of which 14 related to 
the solar system, 24 to the stars, and 8 to general subjects. 

Director R. Meldrum Stewart, of Ottawa; Prof. L. V. King, 
of Montreal; and the writer were the Canadian members present. 
Six papers, all dealing with spectroscopic double-stars, were sent 
in from the observatory at Victoria, B.C. 

On the evening of Wednesday, the 8th, Prof. H. N. Russell 
lectured to a large audience in the Unitarian Church on “Is there 
life in other worlds?” He referred particularly to the recent 
radiometric measurements of Mars, and expressed the view that 
life on that planet is quite possible. 
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On Thursday afternoon the members and their friends were 
treated to a very enjoyable drive about the island (which was 
made possible by the co-operation of some of the Nantucket ladies), 
and in the evening they sat down to a splendid shore-dinner at 
Wauwinet, on the east end of the island. After partaking of 
sea-foods, which many had never tasted before, the President 
introduced Prof. H. T. Stetson, who described his trip to Sumatra 
to observe the eclipse of the sun. Following him, Dr. C. G. Abbot 
entertained the gathering with a song and a reading, and then 
Dr. Harlow Shapley described the meeting of the Astronomische 
Gesellschaft in August last. 


The following is the list of papers :— 

Joun A. Miter: The Sumatra eclipse. 

FREDERICK SLocum: Coronal domes. 

C. G. Assor: The variation of the sun and its consequences. 

Eptson Ultra-violet solar radiation and atmospheric ozone. 

H. M. Losu: Planetary tides and sun-spots. 

Louis A. Bauer: Recent solar and magnetic activity. 

H. T. Stetson and W. W. Cosientz: Reports on observations of the 
coronal light of the Sumatra eclipse. 

Marcaret Harwoop: Variations in the light of Eros in 1924. 

W. F. Ricce: The lunar appulse of Dec. 18-19, 1926. 

E. W. Brown: Progress on the orbit of the eighth satellite of Jupiter. 

E. C. StrpHer: Notes on planetary observations. 

C. O. LampLanp: Planetary radiometric observations. 

J. Stessins: Light variations of the satellites of Jupiter. 

Cart L. Stearns: The position of the moon from eclipse photographs. 

J. J. Nassau and P. M. Morse: A study of solar motion by harmonic 
analysis. 

W. Cart Rurus: The effect of ionization on the radial velocity of 
Cepheids. 

Antontra C. Maury: Variable hydrogen and helium lines in the 
spectrum of Beta Lyrae. 

Davin W. LEE: Motions in the atmosphere of Eta Aquilae. 

Dean B. McLaucuuiin: A spectrographic study of Lambda Tauri. 

Ratpu E. Witson: The velocity figure of the class B stars. 

SEBASTIAN ALBRECHT: On convection currents in the atmospheres of 
class B stars. 

J. A. Pearce: The orbits of the spectrographic components of the 
QO-type star H. D. 19820.! 

W. E. Harper: The orbits of two A-type binaries. 
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Wiiuiam H. Curistie: The velocity curves of 12 Lacertae. 
WittiaAmM H. Curistie: The orbits of three spectroscopic binaries. 
R. M. Petrie: The orbit of the spectroscopic binary H. R. 4535. 
: S. N. Hutt: The orbit of Kappa Draconis. 
Cecir1a H. Payne: Problems in the photometry of spectrum lines. 
Ratpo E. Wirtson: On the K-term in radial velocities. 
7 Marcaret L. Watton: A study of the variable stars in the region 
15° square surrounding Messier 11. 
Paut Davinovicu: Some facts concerning novae. 
C. D. Perrrne: A general hypothesis of stellar variability. 


3 BENJAMIN Boss and Heroy JENKINS: On the correction to the P. G. C. 
declinations. 
4 Bernarp H. Dawson:'A suggestoin re Sirius 2. 


Knut LunpMarkK: The density law of anagalactic nebulae. 
C. O. LampLanp: The variable nebula N G C 2261. 


: Knut Lunpmark: A study of Curtis’ small nebulae. 
Leon The 17-year period of V Hydrae. 
J. H. Prrman: Parallax of nine Pleiades. 
Louis V. Kinc: Gyromagnetic electrons and a classical theory of atomic 
structure. 
7 Henry B. Heprick: Modern ballistics from the viewpoint of the 
astronomer. 
Cuartes LANE Poor: Gravitation, time, and Einstein. 


Ciype FisHer: Popular astronomy in Europe and America. 

Henry Norris RusseEtv: Series in the arc and spark spectra of Titanium. 
E. .S. Kine: Do we live nebula? 

J. Stoxiey: Science Service and Astronomy. 
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SPECTROSCOPIC ABSOLUTE MAGNITUDES AND 
PARALLAXES OF 200 A-TYPE STARS 


By A. ViBERT DouGLas 


ABSTRACT 


The spectroscopic absolute magnitudes and parallaxes of 200 A stars have 
been determined. 

The material used was the large collection of 1-prism slit spectrograms of 
the Yerkes Observatory. Eighty stars having reliable trigonometric or cluster 
parallaxes were made the basis of calibration and seven criteria have been found 
giving correlations with absolute magnitude, namely—width of K, H6, 4481, 
and intensity ratios \4215/A4227, 44233 /A4227, \4536/A4481, \4549/A4481. 

Relative to the standard stars, the systematic error of the magnitudes is 
—0.04 and the probable error +0.5. Relative to 108 Mt. Wilson spectroscopic 
magnitudes the systematic error is +0.09 and the probable error +0.3. 

The Shajn Double Star test applied to 12 pairs gives satisfactory evidence 
in favour of the accuracy of the magnitudes. The magnitudes show correlation 
with proper motion but not with reduced proper motion. 

A comparison is given between Mt. Wilson, Arcetri and the writer’s average 
magnitudes for each spectral subdivision and evidence is given in support of 
the claim that the magnitudes herein determined have greater individual accuracy 
than can be obtained by adopting the mean magnitude method. 


INTRODUCTION 


' During the summer of 1925 the writer held an appointment as 
Volunteer Research Assistant for four months at the Yerkes 
Observatory, Williams Bay, Wis. The Director, Dr. E. B. Frost, 
offered the writer, as a research problem, the determination of the 
spectroscopic absolute magnitudes and parallaxes of A-type stars. 
For this purpose there were available several thousand spectro- 
grams of about 500 stars of spectral classification AO to AQ, or 
taking the next sub-class above and below, B9 to FO. A selection 
from these was to be made including as many stars as possible for 
which reliable group or trigonometric parallaxes were available, 
these to form the basis of calibration. 
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All these spectrograms were taken at the Yerkes Observatory 
with the 40-inch refractor and Bruce Spectrograph attachment. 
They are 1-prism spectrograms having a dispersion of 30A to the 
millimetre at \4500, while from Hf to He approximately 691A, 
is 33 mm. 


This problem presented many features of interest and of difficulty, 
for though considerable work has been done on spectroscopic 
magnitudes of the later type stars (F, G, K, M), comparatively 
little has been done upon spectra of Class A. In later type spectra 
(viz., F to M) there are many metallic lines; in spectra earlier in 
type than A (viz., B stars) there are helium lines, hydrogen lines 
and spark lines of silicon and of a few other elements; but in the 
spectra of early A stars, especially AO, there are comparatively 
few lines well defined with the exception of strong hydrogen lines 
and the H and K lines of ionized calcium. 


Table I summarizes the criteria upon which other investigators 
have depended in their determinations of spectroscopic absolute 
magnitudes, and for the sake of completeness the criteria used in 
the present investigation are included: 


TABLE I 
Spec. Class Investigator Ref. Criteria 
B Adams, Joy 3 Correlation with spectral class based 


chiefly on helium and hydrogen lines 
as in Harvard system, but with 
“nebulous” and ‘“‘sharp”’ subdivisions 


B Edwards 4 ))A4471, 4388 (helium) with Hy, 44144 
5 (helium) with Hé 
6 
B8-A3 Lindblad 8 Comparison of regions \A3884-3907 and 
A3907-3935 
B9-A9 Adams, Joy 2 Correlation with spectral class based 
chiefly on \A4026, 4471 (helium) and 
A4326, 4384 (Fe) 
A Struve 9 Width of \4481 (Mgt) 
A Douglas — Width of Hd, K, \4481; intensity ratios 
from \A4215, 4227, 4233, 4481, 4535, 
4549 
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TABLE I—Continued 


Spec. Class Investigator Ref. Criteria 


A-F5 Abetti 10 Correlation with spectral class involving 
trigonometrical, cluster, and all avail- 
able spectroscopic data from Mt. 
Wilson, Victoria, Sidmouth and Arce- 
tri 


F-M Adams, Joy, etc. 1 Selected ratios from \A4072, 4077, 4215, 
4250, 4271, 4290, 4455, 4462. 

F-M Lindblad ._7 Arc line 3900; Cyanogen bands A\4144- 
4184, 4227-4272, 3993 

F-M Rimmer 11 Selected ratios from \A4072, 4077, 4215, 
4227, 4250, 4271, 4290, 4444, 4455, 
4462 

F-M Young, Harper 12 Selected ratios from \A4072, 4077, 4162, 


4168, 4215, 4247, 4250, 4258, 4271, 
4290, 4455, 4482, 4489, 4494, 4496, etc. 

F-M Macklin 13 Selected ratios from AA4174, 4227, 4290, 
4326, 4387, 4444 


Examination of the Yerkes spectrograms made it evident that 
new criteria would have to be sought. 

The comparison of the density of the regions used with such 

success by Lindblad is ruled out in the present case because the 
range of the Yerkes 1-prism plates is from just to the red of Hf 
to just to the violet of K, approximately \4900 to 43920. Thus 
the bands at \\3884, 3907 are beyond the range of these spectro- 
grams. 
The widths of the hydrogen lines should, theoretically, show 
a correlation, but that this extends throughout the range of A 
spectra is doubted by Harvard investigators.*, *. For the early 
A stars, however, the writer felt that this line of attack should not 
be ignored. Likewise the width of \4481 correlated with luminos- 
ity by Struve® for 36 stars of types AO to FO appeared to warrant 
careful consideration. 

In order to gain familiarity with spectra of this type and to 
find if possible new criteria upon which to work, the writer made a 
random selection of plates covering a wide range of absolute 
magnitudes as determined by Adams. These were studied in 
pairs on the Hartmann Spectrocomparator which allows of the 
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simultaneous view under magnification and equal illumination of 
the two spectra in exact contiguity throughout their entire range. 
The result of the preliminary study and measurements was that 
the following criteria were adopted: 


(1) Widths of \4481, Hd, K. 


4215 4233 4535 4549 


PART 


CORRELATION CURVES 


Methods.—In order to avoid any conscious or unconscious bias 
in the measurements and intensity estimates, the writer decided 
to make no reductions whatever until all the measurements had 
been made. The required data for a sufficiently large number of 
stars were obtained before leaving Yerkes Observatory in Sep- 
tember, 1925, and the compilation and reduction of this data was 
commenced subsequently. Thus the correlations which have 
been obtained are felt to be free from prejudice and subject only 
to the personal factor which is inevitable in all such work. 

The number of spectrograms of any one star varied from one 
in comparatively few cases to several score in certain cases of 
spectroscopic binaries where orbit determination had necessitated 
many plates being taken. Usually there were several plates and 
of these the two best were selected, special effort being made to 
get good definition at the extreme left—the H and K region. 
After preliminary examination under low power magnification to 
establish the essential similarity of the two, one was selected for 
final measurement. Where there were distinct differences between 
the two, both were measured and other plates of the same star 
examined. Cases of uncertainty were generally attributable to 
spectroscopic binary effects where considerable care was necessary 
lest apparent breadth of line was a result of Doppler displacement 
rather than an effect of the kind sought. The final measurement, 
in general, of one plate for each star has obvious advantages and, 
apart from the writer’s own tests, it appears justified by the con- 
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sistency of records of the widths of Hy and Hé made from different 
plates of the same star by means of a Moll microphotometer.™ 

The measurement of line widths involves a large uncertainty 
where the lines are wide and nebulous; in particular, in the A 
stars, the “wings’’ of the hydrogen lines are a very prominent 
feature of these spectra and it is a matter of individual opinion as 
to where the “line’’ begins and ends. All that can be hoped is 
that the measures made by one individual with magnification and 
illumination kept approximately uniform, will be consistent 
within themselves. 

The measurement or estimate of line intensity presents diffi- 
culties which different investigators have sought to overcome in 
various ways. The writer depended solely on eye estimates 
endeavouring always to integrate mentally the total intensity 
from wings to line centre. It is this integrated’ intensity that is 
really sought and not merely the central maximum intensity ob- 
tained by wedge extinction methods. Eye estimates are relied 
upon in much of the work of Harvard investigators, even where 
the comparisons are made between lines on different plates. In 
the present case, however, comparisons were made only between 
closely adjacent lines on the same plate, and for this purpose 
an eye-piece giving magnification 3 was used. 

The widths of lines were measured on a Gaertner machine under 
magnification 15. In order to eliminate temperature or other 
effects causing lack of complete uniformity in dispersion a factor 
was recorded for every plate measured, namely the distance 
between the titanium-iron spark comparison lines \\3963-3969, 
or when these were indistinct, \A3981-3998. All measured widths 
were subsequently reduced to the standard given by the average 
plate factor 0.370 mm. in the former and 0.950 mm. in the latter 
case. 

Each plate was weighted at the time of measurement on the 
basis: Good 3, Fair 2, Poor 1. Where the plate was not equally 
good throughout, separate weights were recorded for the different 
regions as required. 


Known Parallaxes.—The stars for which data had been obtained 
included 31 belonging to the Taurus and Ursa Major Clusters for 
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which reliable parallaxes were available from the work of Ras- 
muson;'* also 49 for which trigonometrical parallaxes were given 
in Schlesinger’s General Catalogue of Parallaxes.“ The Cluster 
parallaxes being absolute were used as they stand,” the trigo- 
nometric parallaxes however are differential, but 35 were made use 
of by W. S. Adams? and his value for the corresponding absolute 
parallax was taken in each case, the remaining 11 were reduced 
to absolute by the addition of an average factor +0”.004.17 Of 
these 49, only one had a negative parallax and as it had the value 
—0”.003 the reduction to absolute brought it up to +0’’.001 
thus obviating any necessity of having to introduce the effect of 
negative parallaxes into the reduction of the data. 

These 80 stars formed the basis upon which the absolute 
magnitude relations were determined. 


Absolute Magnitude—-The absolute magnitude of each of 
these stars was calculated from the relation 
M=m+5+5 log p 
where M and m are the absolute and apparent magnitudes re- 
spectively and p the absolute parallax. The values of m were 
taken in every case from the Henry Draper Catalogue—photo- 
metric magnitude. 


Spectral Classification.—In assigning the spectral class to each 
star studied, the writer was definitely influenced and guided by the 
Mt. Wilson classification rather than the Harvard H. D. classifica- 
tion. Following the lead of the Mt. Wilson investigators, the writer 
classified all the spectrograms studied as s or m according as the 
absorption lines were sharp, narrow and clean cut or nebulous, wide 
and hazy. It seemed evident from the outset that there were 
many spectra which could not be said to be either definitely sharp 
or decidedly nebulous; these were labelled ms or sm and put with 
the group which they most resembled. 

The writer decided to carry out separate reductions for the s 
and n stars and having done these quite independently the resulting 
curves should provide unbiased evidence as to whether this grouping 
has a physical reality or whether the stars form a homogeneous 
class. 
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Reduction Procedure-——With absolute magnitude as abscissae 
and either line width or intensity ratio as ordinates, plots were 
made for each of the seven criteria in the case of the m-stars and 
likewise for the s-stars, fourteen plots in all. Cluster stars were 
differentiated from trigonometric parallax stars so that any syste- 
matic difference would become apparent. As was hoped, no such 
effect was evident. 


It was at once apparent that no correlation existed in the case 
of Hé(m). In the other thirteen cases the points were seen to 
fall into definite groups and so for each group mean points were 
computed and the lines of closest fit drawn in. In every case 
where more than one curve was required to represent the data on 
either the s or m graph or on both, it was found by superposition 
of the graphs afterwards that an s and m curve practically coin- 
cided. Hence the final curves take the forms shown in Figures 1-7. 


Systematic Errors ——The absolute magnitudes of the stars used 
in establishing the curves were redetermined from the curves. 
Weights were assigned to the estimate from each of the seven 
criteria based upon its apparent reliability and then the mean 
magnitude calculated. Comparison was made for each criterion 
separately with the standard value (cluster or trigonometric), and 
wherever possible with Adams’ value. 


In the tables the symbols used have the following-significance: 


S =the standard value of absolute magnitude whether dependent upon 
cluster or trigonometric parallax. 

A =the spectroscopic absdlute magnitude, as determined at Mt. Wilson. 

D =ditto, as determined by the writer, from all the criteria applicable. 

1 =ditto, as determined by the writer from width of K. 

2 =ditto, from width of Hé. 

3 =ditto, from width of \4481. 

4 =ditto, from Ratio \4215/A4227. 

5 =ditto, from Ratio \4233/A4227. 

6 =ditto, from Ratio \4535/A4481. 

7 =ditto, from Ratio \4549/A4481. 

N =Weight (number of stars). 

e =systematic error. 

r =probable error. 
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TABLE II 


SYSTEMATIC ERRORS 


Comparison e N Comparison e N 
S-1l —0.01 65 A-1 0.33 56 
S-2 0.05 30 A-2 0.45 26 
S-3 —0.10 50 A-3 0.25 40 
S-4 0.30 26 A-4 0.54 19 
S-—5 —0.01 50 A-5 0.26 42 
S-—6 —0.34 43 A-6 0.10 34 
S-7 —0.28 50 A-7 0.00 42 


This information, together with that given in the section on 
Probable Errors, led to an adjustment of some of the curves, 
separate n and s corrections being applied as indicated in Table III. 


TABLE III 


SYSTEMATIC CORRECTIONS 


Criterion s n 
1 0.2 —0.1 
2 0.0 0.0 
3 0.0 0.0 
4 0.4 —0.2 
5 —0.2 0.0 
6 —0.2 —0.2 
7 —0.2 —0.2 


After applying these corrections the weighted mean magnitude 
was calculated for each star and the systematic error determined. 
It was noted that one star was largely responsible for the error 
and as this star (Boss 606) is the one for which the differential 
parallax is negative, it seemed fair to omit it from the total and 
consider that the resulting low value of the systematic error 
indicated that the criteria were satisfactory from this point of 
view. In Table IV the value of e is given both with and without 
Boss 606. It may be remarked that for this star the absolute 
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magnicude derived from the absolute parallax +0”.001 and ap- 
parent magnitude 5.4 is —4.6, whereas the writer’s determination 
is +0.5. It is not included in the Mt. Wilson list. 


TABLE IV 


COMPARISON OF SYSTEMATIC ERRORS 


e N Remarks 
S-—D —0.11 74 Boss 606 included 
S-D —0.04 73 Boss 606 excluded 
—0.16 69 Boss 606 excluded 
A-D +0.15 66 Boss 606 excluded 3 


Probable Errors.—The average error, or mean deviation, was 
found for each star with respect to each estimate individually and 
to the weighted mean. In Table V the probable errors'* corre- 
sponding to these average errors are set forth. Boss 606 is not 
included; if it were the errors would all be increased by 5% to 10%. 


TABLE V 


SUMMARY OF PROBABLE ERRORS 


r N Remarks 
S-1 +0.75 64 
S-—2 0.59 30 
S-3 0.67 49 
S-4 0.74 26 
S-—5 0.57 49 
S-—6 0.67 42 
S-7 0.76 49 
S—D 0.52 73 
S—A 0.60 69 
A-D 0.45 65 
S-D 0.48 71 Boss 3960, 6031 omitted 
S-—A 0.57 67 Boss 3960, 6031 omitted 


It is gratifying to find that the probable error of the luminosities 
determined in the present investigation is somewhat less than that 
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of the Mt. Wilson results. In their determination of luminosities 
of later type stars the probable errors vary for various types from 
+0.64 to +0.00, the average probable error being given as 
+0™.40.!1° That the corresponding figure in the case of the more 
difficult A type stars should be as low as +0”.5 seems to be all 
that can be hoped for at the present stage of our knowledge of the 
complex conditions which evidently exist in atmospheres of stars 
of this interesting class. 


Theoretical Considerations.—While it must be explicitly under- 
stood that the relationships that have been obtained are empirical, 
it is also to be remembered that there is a theoretical basis for 
relationships of the kind found. Considering first the question 
of the width of an absorption line, there are at least four points to 
be taken into account: 

(a) Minimum width 

(6) Doppler widening 

(c) Rayleigh scattering 

(d) Stark effect. 

(a) For a given instrument and a given slit width, there is 
a minimum width to be expected for an absorption line of any 
given wave length. For the Bruce Spectrograph with slit width 
0.05 mm. and the ratio f/D=19 the minimum width of 4481 
on a 1-prism plate has been calculated by O. Struve® to be 0.68A. 
This is based upon the theories of Schuster?® and Newall*! who 
find that two lines cannot be resolved into separate lines if the 
difference in the wave length, dd is less than \/P or at most, A/2P, 
where P the purity of the spectrum is some fraction of the resolving 
power, R. This P=pR where 0<p<il1. If the slit were of in- 
finitely narrow width then p=1 and P=R. For the case under 
consideration, the value of p is believed to lie between 1/6 and 
1/7. A glance at the graphs (Figs. 1-3) shows that the lowest 
measured values are just about at the calculated minimum, the 
great majority lying well above. 

(b) A line may be considerably widened as a result of Doppler 
shifts due to the translatory motion of the radiating and absorbing 
ators. That this is not the main cause of widening is evident 
from the observed fact that line width tends to increase as tempera- 
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ture decreases and pressure increases in the stellar atmosphere. 
If the widening were chiefly dependent upon thermal agitation 
the reverse would be true. Stewart,” following the treatment of 
this question by Lorentz, believes the Doppler effect to be negligible 
except in the case of hydrogen where it may become appreciable 
though not dominant. 

(c) An important factor in producing width is undoubtedly 
Rayleigh scattering, ‘‘the intrinsic lack of sharpness in the ‘tuning’ 
of the active (scattering) molecules.’’ This does not involve 
“absorption”’ in the restricted use of the word advocated by 
Stewart™ who limits absorption to cases involving transformation 
of radiant to thermal energy. Scattering does not involve such 
transformation. The radiant energy taken up momentarily by 
an atom is re-radiated without important change in frequency and 
the resultant opacity is due to diffusion in direction of the incident 
beam of radiation. 

Stewart deduces the relation for line width A 

A=5.8 
where 1 is the number of atoms in a column of 1 cm? cross section 
in the line of sight above the reversing layer. Thus it is evident 
that the greater the density of the stellar atmosphere the greater 
the width of the absorption line, a relation borne out by the graphs 
in Figs. 1-3. 

(d) Merton* was perhaps the first to draw attention to the 
broadening effect which will be produced in star spectra by the 
natural influences of their own electric and magnetic fields upon the 
radiating and absorbing particles. Conditions in the stellar 
atmosphere, producing closer packing and frequent collisions will 
thus be accompanied by widening of the absorption lines due to 
Stark effect and to abnormal electron orbit distortions. 

Hulbert”® has discussed the breadth of the Balmer lines of 
hydrogen in the stellar spectra by combining the Stark theory 
with the Saha theory of high temperature ionization. He finds 
that the observed width in A-type stars far exceeds the theoretical 
width unless either the pressure is equivalent to several atmos- 
pheres or there are a very large number of free electrons present. 
The former assumption is ruled out on many astrophysical grounds, 
the latter is quite admissible. 
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The effect of stellar rotation may well be a disturbing factor. 
Lack of observational data renders the question incapable of 
rigorous treatment, but it may be pointed out that the rate of 
rotation would tend to increase as a star lost mass through radiation. 
It is however linear velocity at the extremity of a diameter and 
not merely angular velocity that affects line width and furthermore 
the orientation of the star relative to the line of sight is of the utmost 
importance. 

Other causes of broadening are mentioned by Rayleigh,” *’ as, 
for example, the possible rotation of the radiating particles, but 
it is probable that in general none of these effects become of primary 
importance. 

When we come to investigate the theoretical basis for corre- 
lations such as those in Figs. 4-7, the ratio is found, in every case, 
to be that of an arc to a spark line or vice versa. Indeed these 
lines were selected with this in mind, because it is an obvious fact 
that conditions which weaken an arc line may enhance a line 
arising from an ionized atom. In the early type stars where 
effective temperature is high and pressure low there is a high 
degree of ionization, and the proportion of neutral atoms is low. 
As pressure increases and temperature falls, which corresponds 
roughly to lower luminosity, the amount of ionization falls off and 
the intensity of the arc lines is increased. This increase will, of 
course, not continue indefinitely, there being a definite set of con- 
ditions corresponding to maximum intensity for any line. Fowler 
and Milne, ?*?**° have evaluated this in terms of the ionization 
potential, the energy of the given excited state, the partial electron 
pressure and various constants. 

The lines involved in this investigation are the following: 
4215.5 is due to once ionized strontium and has the series rela- 
tion® 1s?—1p?. 


4226.7 from the normal calcium atom has the series relation 
1S—1P. It grows gradually stronger through the A, F, G, M 
stars. It is unblended and a very satisfactory basis for comparison. 


44233 is less simple. It is a blend of ionized iron (Fe* \4233.16) 
2p*—1d"*, and normal iron (Fe \4233.6) 1d’’—md’. In general its 
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behaviour is that of a spark line in the A stars, but an occasional 
anomalous intensity may be due to complications arising from 
the blend. Near it are two manganese lines \4235.2, \4235.1 of 
type 1d‘—1p”; but blending with these could only occur in extreme 
cases of stars having line characteristic n. 


4481 arising from ionized magnesium has series relation 
2d?—3f?. It is a close doublet \\4481.33, 4481.13. It is an ad- 
mirable line to study being visible on every spectrogram and well 
situated in the region of best definition and intensity. It is said 
to reach maximum® at A2, its subsequent rise being attributed by 
C. H. Payne to blending with iron which predominates in the 
cooler stars. As the present writer is not interested in relative 
intensities of any one line at different spectral classes but in ratios 
of two lines, it is sufficient for the present purpose that the intensity 
of 4481 increases less rapidly than the intensity of \4535 and 
4549. 


44535 is due to neutral titanium. (1f°—2f) Four Ti lines 
seem to fall close together here: \A4536.00, 4535.92, 4535.58, 4534.78, 
the last two being the strongest according to laboratory intensity 
estimates. 


4549 appears to be a blend of lines of different kinds; neutral 
titanium gives rise to \4548.77 (1f>—2f’*) of laboratory intensity 
(35), while ionized titanium has a line at \4549.64 (1h?—1g’) 
intensity (25) and ionized iron gives \4549.48 (2f?—1d’*) intensity 
(4). Adams describes this line as Fe* Ti* but the writer’s data go 
to prove that the blend as a whole behaves as an unionized line, 
the ratio \4549/\4481 growing greater as luminosity diminishes. 

Thus it is to be expected that the ratios \4215/\4227 and 
4233/4227 will have a negative slope, whereas the ratios \4535/ 
4481 and \4549/4481 will have a positive slope as in Figs. 4-7. 
There is certainly no theoretical basis for straight line relations, but 
the data at the writer’s disposal warranted no other more compli- 
cated representation. 


Correlation Curves.—The writer believes this to be the first time 
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that definite relations have been obtained for the width of K and 
the width of Hé with absolute magnitude. That these are real 
relations seems undoubted. 


In the case of Fig. 1 the Bravais-Pearson correlation coefficient 
has been evaluated for each curve. Let x be the deviation of 
the individual star magnitudes from the weighted mean and y the 
corresponding deviation of line width, then the correlation coefficient 
is given by 

rxy 
V 


In the case of Fig. 2, it has been evaluated for the main curve 
(AO— FO). The results are as follows: 


Width K (n) 0.67 Prob. error +0.067 
“ (sn) —  +0.063 
FO) 0.68 +0.074 


In the application of all these correlation curves, it is evident 
that uncertainty may easily arise as a result of their multiple 
character. In general, it has been found that a glance at the 
spectrogram, or the brief description of it on the writer’s records, 
was sufficient to indicate the general brightness and hence to 
determine which curve was most applicable in the case of each 
criterion. Where uncertainty remained, and either one of two 
curves seemed equally applicable, the usual procedure adopted 
was to take the mean, and in general to weight this lower than 
unique values from other criteria. 


These curves are definitely not built up upon spectral classifica- 
tion, and therefore in so far as the writer has been successful in 
eliminating the influence of spectral class from the mind in in- 
terpreting the curves, the resulting absolute magnitudes should 
be something more than just averages for spectral class as are the 
Mt. Wilson? and Arcetri'® determinations of magnitudes of A stars. 
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PART II 
RESULTS AND DISCUSSION 


The correlation curves obtained and tested as described in 
Part I, have been employed to give values of the absolute magni- 
tudes of some 170 stars for which trigonometric or cluster parallaxes 
are not available. 


The weighting of the values from each criterion was done as 
already described and the weighted mean value alone is recorded 
in Table VI. In some cases where the data were very meagre it 
was thought best to exclude these stars pending further study; 
they belong in most instances to the group Aon which are by far 
the most difficult to handle in the light of the present investigation. 


Table VI contains the spectroscopic absolute magnitudes and 
parallaxes of two hundred A stars as determined by the writer. In 
addition to these, six stars are included which belong to the set 
of standard stars upon which the correlation curves were based, 
but for these six reliable determinations from the present criteria 
were impossible. 


Successive columns of Table VI give (1) the Boss Number 
(Preliminary General Catalogue); (2) the visual apparent magni- 
tude; (Henry Draper Catalogue); (3) the reduced proper motion, 
H; (4) (5) the absolute magnitude, M, and parallax, p, as determined 
trigonometrically (T) or by group motion (G); (6) (7) (8) the 
spectral class, spectroscopic absolute magnitude and parallax as 
determined at Mt. Wilson; (9) (10) (11) the class and spectro- 
scopic M and p as determined by the writer from the Yerkes 
Observatory spectrograms. The designation “Yerkes’’ cannot 
be given to these three columns as might at first glance seem more 
appropriate, because to do so would be to set the official stamp of 
approval of that institution upon these results. For defects in 
this work the Yerkes Observatory is in no way responsible and 
criticisms of these results must be borne solely by the writer. 
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TABLE VI 


H.D. Trig. or Gr. Mt. Wilson Douglas 
Boss m H 
M p Class M p | Class M p 

10 2.2] 3.8 Aln 1.1 0.060] Aln 1.0 0.059 
43 3.0 | .. .. | Aln 1.5 .026] A3n 1.7  .029 
50 4.5| .. | 0.60.017T| AOn 1.1 .021| AOn 0.2 .014 
145 5.0| 2.8 ke 
154 5.5 | 2.7 .. | 1.1 .014] Als 0.9 .012 
203 3.9| 4.9 | 1.5 .033T A6n 2.0 .042 
246 5.2| 6.4 A4n 2.2 .025 
295 5.3| 4.0 | .. .. |Aln 1.5 .018| A2n 1.4 .017 
314 2.8| 5.2 A3n 2.0 .068| A5n 2.5 .087 
368 5.5| 6.2 A5n 2.5 .025 
370 5.5| 4.2 A2s 0.9 012 
422 5.5 AOn 0.7 .015 
423 5.5 A2s 0.6 .014 
428 2.7 1.9 .068T A5s 1.9 .069 
446 4.7 1.2 .020T| A4s 2.0 .029/ A8n 2.0 .029 
449 | Aln 1.1 .025/] Als 1.2 .026 
452 | 5.4| 6.2 | see 
463Ft | 5.2) .. A3n 1.8 .022/ A3s 1.5 .018 
463Br| 4.3 | 2.1 
466 5.4| 2.2 1.5 .016| Ain 2.3 
476 5.1] 3.2 | | A5s 1.9 .023 
480 4.8| 5.8 | Aln 1.8 .025 
482 3.1 .. | 1.3 .044 
522 5.1| 3.9 Aln 0.9 .014 | AOn 0.3. .O11 
550 4.6| 0.5 A3s 1.4 021 | A3s 2.0 030 
560 4.3} 2.3 0.8 .020 
| 5.8 | 2.3 | 1.6 014 
606 5.4 .. |—4.6 .001T | Ain 0.5 .010 
628 5.2| 6.0 | | Aé6s 2.4 .028 
629 4.4 | 2.2 -036T | .. | A7n 1.9  .032 
666 5.3 | AOn 1.1 .014/ AOn 1.2 .015 
674Br| 5.3| 1.4 | 1.6 .018T| A3s 1.0 .014| A2s 1.2 015 
677 5.2| 4.4 | | | A2n 1.1 
730 5.0| 4.4 | | | Alin 0.9 .015 
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Trig. or Gr. Mt. Wilson Douglas 
M p Class M p Class M p 

5.0 6 0.9 0.015 | AOn 1.1 0.016 
5.4 6 A4s 1.1 .014 
5.4 7 A38n 2.5 .026 
5.1 5 Als 0.5  .012 
3.9 8 A4s 1.0  .026 
5.1 Aln 1.1 .015 AOn 1.2. .017 
4.6 0 A0Os 0.6  .016 
5.3 2 .. | Als 0.3  .010 
5.3 2.40.027G| Afn 2.8 .031 | A6n 2.0 .022 
4.8 2.1 .029G| A6n 2.4 .034| 2.0 .028 
5.1 4 .. | A8n 2.0 .017} A2n 2.1 .025 
4.4 6 1.3 .025G| A3s 1.8 .030| A2n 1.5 .026 
5.4 0 2.8 .030G;} A3n 2.1 .022/ Aln 1.7 .018 
4.2 | 1.3. .026G| A3s 1.4 .023| A3s 1.7  .032 
4.4 | 1.6 A’n 1.8  .030 A2n 
4.6 1.8 .028G| AOn 1.3 .022|} A2n.. 
3.6 0.7 .026G| A3s 1.6 .042/ A5s 1.7 .042 
5.1 | 2.3 .028G| A2Qn 2.0 .024/ A4n 2.1 
5.7 2.8 .026G|} A3n 2.1 .019| A3n 2.6 .024 
4.8 2.1 .029G| Ads 2.0 .028/ A5s 2.1 .029 
4.8 1.9 .027G| A2n 2.0 .028| A2Qn 1.2 .019 
4.3 | 1.6 ..028G| A3n 2.1 .036| A3n 1.8  .032 
5.3 | A4s 2.0 .022| AGs 2.3 .025 
4.9 | 1.6 .023G|} A3n 2.2 .028| A3n 2.2 .029 
5.6 2.3 .023G| A5s 2.2 .020| Ads 2.5 .024 
5.0 .. | A4s 1.7 .022] A3s 1.8 .023 
5.4 | 2.6 .029G| A8s 2.6 .027| Ain 2.1 .022 
5.4 | 1.4 .O16T| .. A7s 1.9  .020 
5.4 | 1.9 .020G| A7s 2.2 .024| A6s 1.8 .019 
5.1 | 2.2 .026G| A2Qn 1.7 .021| Aln 1.7. .021 
4.5 | .. | AOn 1.9 .030 
4.7 1.6 .024G| A3n 2.1 .030| A4n 1.4 .022 
2.9 0.5 .033G} Aln 1 .052 | AOn 1.6  .055 
5.1 A7s 2.6 .032 
5.2 2.3 
5. 1.3 
4. 0.9 
5. 0.7 


Boss 
791 
{ | 
923 
932 
971 
974 
998 
1007 
1022 
1023 
1026 | a 
1027 | F 
1029 | 
1033 ; 
1034 4 
1046 
1047 
1051 
1054 
1067 | 
1087 
1088 
1090 | 
1092 | 
1095 | 
1114 | 
1117 
1122 | 
1143 | 
1153 
1194 | 
1220 | 
1244 | 
1268 | 
1352 | 
1392 | 
1452 | 
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TABLE VI—continued 


Trig. or Gr. Mkt. Wilson Douglas 
M p Class M p Class M p 
” 

4.9 ea .. | A2s 1.4 0.020} Als 0.6 0.014 
2.7 —0.9 0.019T|} Als 0.6 .037| Als 0.1 .030 
5.3 AOn 0.1 .009 
5.2 A7s 1.8 .022 
4.4 1.5 .026T| A2s 1.2 .024| Aln 0.7 .018 
1.9 0.5 .053T|} A2s 0.9 .063| A2s 0.3 .048 
4.9 1.8 Aln 1.1 .014 | Aln 1.1 .017 
5.2 3.3 AOds 0.4 .O11 
3.6 0.4 .023T AOn 0.5 .024 
5.3 | 0.7 A4n 1.7. .019 
4.1 |-0.7 .. | AOn 0.5 .019 
3.6 1.5 .038T} A2Qn 1.5 A2n 1.8  .044 
4.5| 2.9 Als 0.7 .017 
0.0 A&8s 2.0  .028 
5.1 1.3 A7n 2.6 .031 | Ain 2.0  .024 
5.0 | 3.4 AOn 1.1 .016 | Aln 1.1 .017 
5.3 | 4.5 A0s 0.7 .012 
5.4] 3.8 Als 1.0 .013 
2.9 AOn 0.7. .017 
5.1 4.8 AOn 0.6 .013 
5.5 |-1.0 A3n 2.0 .019| A3n 1.9 .019 
4.0 —0.6 .012T| AOn 0.9 AOn 0.1 .017 
5.4 A6s 2.2  .023 
4.7 —0.3 .010T Aln 0.4 .014 
5.6 Ads 1.2 .013 
5.5 7 .. | A2n 2.0  .020 
3.1 2.9 .090T|} A4n 2.2 .066 A4n 1.9  .058 
4.3 A4s 1.7 .030| A4s 1.8  .032 
3.8 —0.1 .017T| Aln 1.3  .032 | AOn ea 

4.0 1.8 .037T| B9n 0.6 .021 | AOn .038 
4.5 A3n 1.9 .030 
5.2 Ain 2.4 .026| Ain 2.1 .024 
4.5 Als 0.9 .015| A2s 1.2 .022 
5.3 3.2 .0389T| 2.2 .024| A4n 2.3 .025 
5.3 Aln 0.0 .009 
4.5 A2n 1.8 .028; A2n 1.3 .023 
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Boss 
1453 
1482 
1488 . 
1492 
1516 
1575 
1690 
1714 
1716 
1759 
1763 
1782 
1853 
1886 
q 1928 
1968 
1974 
2051 
2078 
2088 
2091 
2120 
2138 
2185 
2237 
2: 64 | 
2327 
2339 | 
2398 
2404 
2407 
2479 
2495 
2559 
2584 
2637 
2642 
2655 
2692 
q 
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TABLE VI—continued 


Trig. or Gr. Mt. Wilson Douglas 
M p Class M p |Class M p 

4.5 Ads 0.0 0.013 
3.5 A4s 1.2 .035 
5.4 A7s 2.6 .028 
4.9 1.4 
2.4 0.8 0.046G| A3s 1.0 0.054] A3s 0.3 .038 
4.4 | A4s 0.2 .014 
2.6 2.2 .085G} A2n 1.7 .066] Aln 1.0  .048 
3.4 0.0 .021T| A2s 0.9 .0382 A3s 0.2  .023 
4.8 AOn 0.7 .016| Als 0.2 .012 
4.1 B9s —0.2 B9s 0.0 .O15 
5.3 B9n 0.8 .012| B9n .010 
5.5 A4n 2.0 .020| A6n 1.9 .019 
5.1 Aln 1.5 .019| Aln 1.2 .017 
5.2 Aln 0.8 .015| Als 0.6 .012 
2.2 2.5 .114T| A2n 1.7 .079| Ads .110 
2.5 0.6 .041G} AOn 0.9 .048;} AOn 0.7 .044 
5.2) 3.8 AOs 0.7  .013 
4.6| 2.2 A3n 1.4 .023 
.. | FOn 2.9 .036 
3.4 1.7 .045G| AOn .032 | AOn.... 

3.1 A2s 1.2  .028 
5.2| 2.5 A6n 3.0 .036 
5.0} 0.6 A4s 2.6 .033 
5.4 1.9 A3s 1.0 .014} A3s 1.0 .013 
5.0 B9n 0.6 .010/ B9n 0.2 .009 
4.8] 4.1 | 0.3 .013 
5.0| 5.6 B9n 0.6 .014} B9n .012 
5.5 | 5.0 B9n 0.6 .010} AOn 0.7 .O11 
§.2| 5.5 A6n 2.4 .027] A7s 2.4 .028 
5.8] 3.0 A0s .008 
5.3] 2.8 A0On 0.2 .009 
5.4] 7.3 on .. | A8s 3.3 .028 
2.9 1.1 .044T| Als 0.6 .034] Als 1.) .044 
4.4 —0.4 .011T| A2s 0.9 .020 | A2s —0.3 .O11 
5.1 B9n 0.3 .Ol1 
2.4 0.6 .044G| A2s 1.1 .054 | A2s 0.6 .044 
4.0 2.3 .046G| A8s 2.0 .052 | Ads 1.8 .036 
4.0 2.1 .042G| Aln 1.1 .026 | Aln 2.2 .044 


| 
Boss 
2697 
2729 
2735 
2754 
2900 
2930 
2932 
| 2972 
2974 
2987 
2990 
3023 
3063 
3088 
3097 
3101 
3117 4 
3126 
3139 
3182 
3190 
3210 
3240 
3244 
| 3266 
3277 
3283 
3309 
3310 
| 3323 
3354 
3356 
3370 
| 3371 
3409 
3450 
3474 | 
3475 
3480 
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TABLE VI—continued 


= . 


Trig. or Gr. Mt. Wilson Douglas 
M p Class M p |Class M 
” 

0.6 0.014G| A3s 1.5 0.021 | 0.7 0.014 
A0n 0.9 
AOn 0.8 
3.5 .052T| Aln 1.5 021 | Aln 1.8 
1.4 .015T| A7n 5 018 | A7n 2.5 
Aln 1.0 
Aln 1.1 .023 AOn 1.4 
1.6 .025T| A4n 2.2 .034| A5n 1.8 
2.4 .041T| Aln 1.1 #.023] AOn 1.3 
1.2 .017T| B9n B9n 0.9 
A3n 2.0 .062/| A5n 2.3 
0.4 .016G) AOn 0.9 .020 AOn 0.5 
Fin 2.9 .100| A6n 2.2 
A2n 1.5 .016 A2n 1.8 
A2s 1.5 
—0.2 .013T| A4n 2.4 .044)| A7n 2.7 
0.3 .041G! AOn 0.9 1.052) Aln 0.8 
0.5 .021T| AOn 1.1 .026 | AOn 0.8 
0.6 .023G|} Aln 1.1 .030 | AOn 0.0 
AOs 0.4 .022/| A0s 1.0 
A6s 2.3 .020/} 1.9 
1.5 .035T| A6s 1.8 042 | A4s 1.7 
AOn 0.9 AOn 1.1 
Ain 2.5 .032 | A4n 1.8 
A3n 1.5 
B9s 0.4 009 | B9s 0.4 
>; B9n 0.2 
0.4 .028T| AOn 0.9 .035 | AOn 1.0 
1.5 .037T| A5s 1.8 .042 | A5s 2.1 
Aln 1.1 
1.4 .026T| A5s 2.2 .037 | A4s 1.5 
3.3 .030T| Aln 1.5 .013 Aln 1.9 
3.1 .056T| A2n 2.0 .034 | A4n 2.6 
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Boss H 
| 
3506 
4 3508 | 5.7 | 
3509 1.7 | 
om 3512 | 5.6 | 
3518 | 
3526 
3530 | 6.2 | 
3561 | 6.4 | 
3612 1.9 | 
3666 
7 3692 
‘ 3722 4.3 
3749 0.6 | 
3752 * 
* 3787 3.5 | | 
3911 1.7 | 3 
q 3928 —0.7 
3939 5.0 
4 3960Br ) 
¥ 3961 
3998 
4009 
4016 | 3.4 ) | 
4022 | 0.8 
4026 8 
; 40 8 | 5.2 5 | 
: 4072 | 6.4 3 
4081 | 1.0 2 
4229 | 2.5 9 
q 4232 | 2.3 8 
q 4376 6 
; 4747 | | 3.7 6 
4749 | 4.1 7 
r 4752 | | 1.5 8 
4754 | 2.6 6 
4761 | 4 
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TABLE VIi—continued 
Trig. or Gr. Mt. Wilson Douglas 
H.D. H 
M p |Clas M_ |Class M p 

4802 4.5| 2.7 Aln 1.3 0.023 
4803 5.4] 3.8 Aln 1.8 .019 
4824 3.3 —1.3 0.012T| B9s —0.2 0.020 | B9n—0.2 .020 
4858 3.0 0.8 .037T| B9n 0.8  .036 | B9n 
4988 3.9 0.2 .O18T| Aln 1.1 .028 | Aln 1.0 026 
5048 3.0 1.7 .055T| Aln 1.1 .042 | B9n : v 
5062 0.9 2.5 .203T| A2n 1.7 .145/] Aln 2.0 .166 
5186 5.0 5.1 Aln 1.6 .021 
5187 4.0 |—4.6 B9s 0.6 .021 
5337 3.8 0.6 .023T| Aln 1.6 .037/ Als 1.0 .028 
5480 2.6 2.2 .084T|} A2n 1.3 A2n 2.5 .096 
5600 3.0 3.3 .115T| A3n 2.2 .068/| A6s 2.2 .069 
6031 4.9 3.1 .043T| A3s 1.2 .018| A3s 0.7  .014 


Comparison with Mt. Wilson Magnitudes.—Of the 200 stars in 
Table VI, 108 are also contained in the list of Adams and Joy.’ 
Comparing the two classifications a close agreement is found as is 
to be expected; only occasionally is a star classed m or s by Mt. 
Wilson given the reverse class by the writer and the decimal sub- 
class is seen to be rarely very different. 

Taking the writer’s » and s groups and comparing them with 
the Mt. Wilson values of absolute magnitude the systematic and 
probable errors were computed as follows: 


TABLE VII 
Systematic error Probable error No. of Stars 
e r N 
n +0.07 +0.31 68 
s +0.14 +0.30 40 
All +0.09 +0.31 108 


Thus it is seen that there is a fair agreement, the present magni- 
tudes being systematically smaller by about 0™.1 or in other 
words, the stars are here given brighter than at Mt. Wilson by 
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Comparison with Arcetri Magnitudes.—Of the 81 stars in Table 
VI for which neither trigonometrical, group nor Mt. Wilson spec- 
troscopic values exist, 22 were found amongst the 275 stars of 
early type determined by Abetti at Arcetri.'° His values are 
given in Table VIII for comparison. 


TABLE VIII 


SPECTROSCOPIC ABSOLUTE MAGNITUDES 


Boss Abetti Douglas Remarks 


OF 


Systematic error —0.027 


Probable error +0.30 


ONE NOE PR OR AI 


Shajn Double Star Test.—As a means of testing the accuracy of 
spectroscopic parallaxes, Shajn** has made use of the relation 
which should exist between the apparent and absolute magnitudes 
of components of multiple star systems. Since the parallax 
should be the same for each component it follows that 

AM—Am=0 
where AM is the difference in spectroscopic absolute magnitude 


4 
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of the two components and Am is their difference in apparent 
magnitude. Applying this test to the Mt. Wilson determinations 
Shajn finds that for 55 double stars of late type 


AM—Am= +0.28 to +0.48 
while for 139 early type (B, A) doubles, 
AM—Am= +1.08 to +1.24 


though it is only just to state that these figures hardly do Mt. 
Wilson justice since Shajn applied Mt. Wilson curves to obtain 
the magnitude of stars whose spectral classification he took as given 
by Harvard. 


Attention having been called to Shajn’s work by Dr. O. Struve, 
the writer compiled a list of A-type double stars of sufficient 
apparent magnitude and angular separation to allow of separate 
spectrograms being obtainable. By the courtesy of the Director, 
the writer was given permission to use the Yerkes 40-inch telescope 
throughout the week September 6th-13th, 1925, and every effort 
was made to obtain these spectrograms. Unfortunately, the 
nights were unpropitious and only seven plates were secured, 
but the Yerkes observers have very kindly taken spectrograms of 
several of these stars and sent them to the writer for examination. 
Thus it has been possible to apply Shajn’s test to the star systems 
given in Table IX. 


In two cases the deviation from zero is somewhat large. For 
the K Tauri pair, Mt. Wilson shows a departure from zero of 
—0.7, and Rasmuson’s group parallaxes give magnitudes having a 
deviation +0.5. In the case of the ¢ Lyrae pair the trigono- 
metrical values are in good accord, deviation +0.3, but the Mt. 
Wilson magnitudes give a deviation —2.3. 


For the eleven systems, however, the average deviation 
AM—Am= +0.34 


is as low as can be expected considering the probable error involved 
in each determination. 


. 2 
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TABLE IX 
Boss Name Class | Spec. | Spec. H.D. | AM—Am 

p M m 

422| 5y ArietisN AOn | 0.015| 0.7 4.8 
423 “ A2s 014! 0.6 4.8 +0.1 
463 | a’ Piscium Ft A3s .018 1.5 5.2 
463| a “ Br A3s 017; 0.4 4.3 +0.2 
1026 | 65 K Tauri Br A2n .026 1.5 4.4 
1027| 67K? “ Ft Aln 018 1.7 5.4 -0.8 
3354 | 32’ H Camelopardi Ft AOs 008 0.4 5.8 
3356| 322 “ “Br | AOn 009 | 0.2 5.3 —0.3 
3370| 12a’ Can. Ven. Ft A8s o28| 3.3 | 5.4 
3371} 1202 “ “ Br Als | .044 1 2.9 —0.3 
3474| 79¢' Urs. Maj. (Mizar) | A2s | 044 6 2.4 
3475 | Ads | .036 1.8 4.0 —0.4 
3480| 80g “ “ (Alcor)| Aln | .044| 2.2 4.0 0.0 
4229 | 16 Draconis Ft B9s .009 0.4 5.6 
4232| 17 “ Br B9n 02 56 +0.2 
4747 é’ Lyrae Br Aln 016 1.1 5.1 
4749| Lyrae Aln | 017 1.3 5.1 +0.2 
4752 6 ¢’ Lyrae Br | Ads |  .028 1.5 | 4.3 
4754 6 € Lyrae Ft | Aln | .016 1.9 5.9 —1.2 
4802| 63 @ Serpentis Br | Ain | .023| 1.3 4.5 
630 “ Ft | Aln | .019| 1.8 5.4 | -0.4 
5186) 300’ Cygni Ft | Aln | .021| 1.6 | 5.0 
5187| 310? “ Br | B9s 021; 06 |) 40 | 00 


Reduced Proper Motion and Magnitude.—Reduced proper 
motion is defined as the same function of apparent magnitude and 
proper motion as is absolute magnitude of apparent magnitude and 
parallax. 

M=m+5+5 log p 
H=m+5-+5 log 


where yu is the total proper motion and H is the reduced proper 
motion. Since » varies with distance as well as with space velocity, 
it seems logical to suppose that considered statistically M and H 
should exhibit a strong correlation. With this in mind the corre- 
lation coefficient was worked out rigorously from the data in 
Table VI, where values of H are recorded for 129 stars including 


3 
A 


Absolute Magnitude of 200 A-Type Stars. 293 


all those for which no trigonometrical or cluster parallaxes are 
given. 

Instead of finding a reasonable correlation the coefficient came 
out to be 0.030. This low value is not due to a few exceptional 
stars, but is thoroughly representative of the data, over half the 
stars having x and y deviations of opposite sign. Adams records 
a very close correlation between his spectroscopic parallaxes and 
proper motion, and Struve has demonstrated a like relationship 
in the case of the writer’s parallaxes, concluding that there is all 
reason to say that these spectroscopic parallaxes agree perfectly 
with the expected distribution of u, the remaining dispersion being 
due largely to the peculiar motions of the stars and in part to the 
probable error of the spectroscopic parallaxes. It thus seems that 
in the process of formation of the H function from yu the essence 
of the correlation with M is lost. 


Some Problems of A Stars.—(1) It is disappointing that not one 
of the criteria is single-valued. In the stars of Class A we are 
face to face with a serious problem. Some as yet unknown or un- 
recognized factor is playing an important part in determining the 
character of the spectrum. Stars of this type are evidently at a 
critical stage of development, the transition from the giant stage 
to the dwarf stage. On the older theory of Russell**,3’ this might 
be thought of as the transition from the state of a perfect gas to a 
denser state where the gas laws begin to break down, but since 
Eddington** has shown that the dwarf stars of the main sequence 
are probably to be regarded as also conforming to the perfect 
gas laws, on account of the high degree of ionization produced by 
their great central temperatures, it now becomes necessary to look 
elsewhere for the cause of complexity. Why do stars turn down 
the main sequence? Jeans*® explains it in terms of the automatic 
reduction in the rate of production of radiant energy at the centre 
of a star when its central temperature exceeds about 30 million 
degrees. Fowler and Guggenheim*® have given quantitative 
evidence in favour of the assumptions of Eddington and Jeans 
that at these temperatures there would be 99% ionization. As a 
star approaches complete ionization, its radiation will be unable 
to increase further. Though its central temperature will be 
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maintained, its density will continue to increase, accompanied by 
an increase in the absorption coefficient, and thus luminosity will 
gradually fall off. 

There is in this theory, however, no direct clue to the interpreta- 
tion of the spectra of stars at the transition stage. The writer’s 
material provides independent evidence that the Mt. Wilson sub- 
divisions, m and s (according as the absorption lines are nebulous 
or sharp), are of the utmost importance in forming magnitude 
correlations but do not represent two distinct classes of stars, 
there being all gradations in line character from the extremely 
hazy and ill-defined to the extremely sharp, clean-cut, narrow line. 

That there is some as yet unrecognized factor in the atmospheres 
of A stars seems certain. Harvard investigators have stressed 
this, pointing out that a one dimensional classification of A stars 
is inadequate." The Henry Draper classification is based pri- 
marily upon the intensity of H and K and is consistent on this 
basis. Mt. Wilson investigators have adopted a different basis. 
If the helium lines \\4026, 4471, 4636 are showing in a Draper 
AO star, they call it B9 and they classify the A stars chiefly by the 
number and intensity of the metallic lines without reference to 
the intensity of H and K. The writer followed Mt. Wilson fairly 
closely until gradually a personal classification was felt to be 
shaping itself. The presence of the helium “ raies ultimes’’ was 
considered sufficient to warrant the designation B9, unless there 
were just a trace of these lines accompanied by well developed K. 
An AO star usually showed only \\4481, 4227, 4233, 4215, 4549, 
4535 with barest traces of anything else (except of course H, K, 
and the Balmer lines of hydrogen), and even these lines too weak 
in general for relative intensity estimates to be made. Growing 
intensity of these lines and the appearance of other metallic lines 
marked the Al to A5 stars, but no star was classed by the writer 
later than A5 no matter how many lines were up unless the hydrogen 
lines were beginning to stand out less conspicuously. In an A5 
star the hydrogen lines are sinking into comparability with the 
stronger metallic lines and in an FO star there is equality between 
the outstanding metallic lines and the diminishing hydrogen lines. 

(2) Shapley and Fairfield* found no correlation to exist between 
the width of hydrogen lines and absolute magnitude, but they 
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found slight correlation between width and reduced proper motion 
for late B and early A stars, indicating that there is a tendency 
for narrow line stars to have low space velocities. No explanation 
has been hazarded. The present material throws some light on 
the question. The » and s stars must be dealt with separately 
at least in the case of Hé—there being no apparent correlation 
between widths of n-lines with absolute magnitude, but a strong 
correlation in the case of the s-line stars (Fig. 2). This together 
with the failure to find a general correlation between M and H 
indicates the possibility that the suggested relationship with space 
velocity is illusory. 

(3) A perplexing problem is presented by the stars of c- 
characteristic whose spectra exhibit lines so narrow and sharp as 
to resolve the usual HeH blend into two distinct lines of indepen- 
dently measurable widths. Of the 250 stars studied, 10 stars fall 
into this class. Three of these stars have well-established paral- 
laxes and in each case the writer’s M was too low. That the 
present criteria failed badly in the case of Sirius shook faith in the 
applicability of these criteria to stars of this extreme class, and 
pending further study they have been omitted from Table VI. 

(4) Certain stars have individual peculiarities which offer 
problems upon which as yet it is premature to attempt explana- 
tions. A few of these may be noted. 


Boss 370. 43 wCassiopaiae A2s. It is very unusual to find 
44535 equal to and 4549 greater than 4481, while simul- 
taneously \A4215, 4233 are much more intense than \4227. 


Boss 1516. 17 Leporis A6s. 4481 is very faint and a line at 
about 4546 is very strong. This star has the H.D. class AO 
which the writer finds difficult to understand for though the K 
line is certainly faint there are many metallic lines very sharp 
and intense and Hg, Hy, Hé are waning. 

Boss 3749. 29 wBodtis (Br) A2s. The line \3984 is strong. 
It is probably the line of unknown origin recorded by Belopolsky® 
in aCanum Venaticorum and by Lockyer and Baxandall* in 
aAndromedae. Another unusual line to be outstanding is \4137, 


a very weak Fe* line undoubtedly blended with some line of 
unknown origin. 


q 


Boss 476 12K Arietis A5s 
** 3409 51 6 Virginis A2s 
“ 3506 78 o “* Abs 
** 3561 84 Urs. Maj. Als 
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In these stars a pair of chromium lines are present with unusual 


intensity; they are Cr*)\4558.89, 4588.43. 


Twenty-four strontium stars are amongst those in Table VI, 
remarkable for the intensity of the Srtline \4215. The Boss 
number, the name, the writer's classification and magnitude, also 
the average magnitude for that class are given in Table X. 


TABLE X 


STRONTIUM STARS 


Boss Name Class M M 
(D) (D) (D) Remarks 

370 wCass A2s 0.9 0.7 

423 yArie A2s 0.6 0.7 

463 a? Pisc Ags 0.4 1.1 Si+A\4128,31 also strong 

476 «x Arie Ads 1.9 1.9 

550 2 Cass A3s 2.0 eS 

674 e Arie A2s 1.2 0.7 

677 —3° 470 Erid A2s 1.1 0.7 Sr+ 4078 also strong 

850 +70° 257 Camel A4s 2.3 1.4 

923 ® Erid Als 0.5 0.7 Si+AA4128,31 also strong 
1117 4 Camel A7s 1.9 2.3 Sr+)4078 also strong 
1122 +11° 646 Ori A6és 1.8 23 Sr+A4078 also strong 
1268 19 Aur A6s 2.3 2.3 
1453 & Aur Als 0.6 0.7 
1492 2 Monoc A7s 1.8 2.3  Sr+A4078 also strong 
1968  97G Pup 2.0 2.3 
2339 49 b Canc Ais 1.2 1.9 Si+AA4128,31 also strong 
2932 60 b Leo A4s 0.2 1.4 Si+AA4128,31 also strong 
3266 21 Com. Ber. A3s_ 1.0 1.1 Sr+A4078 also strong 
3475 7 U. Maj. Ads 1.8 1.9 
3506 Virrg 0.7 1.9 
3561 84 U. Maj. Als 0.6 0.7 
3749 a Bodtis A2s 0.3 0.7 very abnormal 
4022 B Drac A&8s 1.9 2.3 Sr+A4078 also strong 
4026 € Serp A4s ry 1.4 
6031 «x Pisc A3s 0.7 1.1 
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The comparison between M and m indicates that on the whole 
the strontium stars are 0™.24 brighter than the average stars of 
the same spectral type, but the scantiness of the data makes 
generalizations dangerous. C. H. Payne,** arguing from proper 
motion relations and a few individual cases of dwarf strontium 
stars, concludes that there is no sufficient justification for the 
statement“ that these stars are “distinctly brighter than the 
average.”” The writer has made as the criterion for the inclusion 
of a star in this class not any arbitrary scale of absolute line in- 
tensity but the one condition that \4215> 4227. As indicated 
in the Table, the other member of the Sr* doublet \4077.7 is some- 
times also of outstanding intensity. 

The silicon. stars are represented by fifteen given in Table XI, 
one or both of the pair of Sit lines \\4128.1, 4131.1 being unusually 
prominent.° 

A comparison between the magnitudes of these stars and the 
mean magnitude for their respective classes indicates that they 
are brighter on the average by 0™.5. 


TABLE XI 


STARS 


Boss Name Class M M Remarks 
(D) (D) (D) 

463 a? Pisc Br A3s 0.4 1.1 4128,31 both strong 
923 36 7° Erid. Als - 0.5 0.7 4128,31 both strong 
998 56 Tauri Als 0.3 0.7 4128,31 both strong 

1046 7862 Tauri Ais 1.7 1.9 4128 strong 

1117 4 Camel A7s 1.9 2.3 4128 strong 

1482 37 @Aurigae Als 0.1 0.7 4128,31 strong 

2088 +79° 265 Camel AOs 0.7 0.5 

2339 49b Cancri 1.2 1.9 “ 

2754 30 H Urs. Maj. 1.1 1.1 

2900 45 wUrs. Maj. Ads 0.0 0.5 4128,31 prominent 

2932 60b Leonis A4s 0.2 1.4 4128,31 strong 

3409 51 @Virginis A2s —0.3 0.7 4128,31 fairly strong 

3474 79 ¢Urs. Maj. A2s 0.6 0.7 4128,31 fairly strong 

3506 78 oVirginis Aids 0.7 1.9 4128,31 strong 

3749 297 Boétis Br A2s —0.3 0.7 4128,31 strong 
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It is worth noticing that frequently, though by no means 
always, do the lines of Sit, Cr+ and Srt occur with unusual 
intensity in the same star. Evidently conditions favouring one, 
favour also the others, and the absence of any one or two given the 
third is a matter of the abundance of the element in the stellar 
atmosphere. 


Mean Magnitude and Spectral Class —One of the main problems 
of the A stars is the question as to whether it is possible to interpret 
the spectra with individual accuracy or whether the Mt. Wilson 
and Arcetri method of merely adopting the mean magnitude for 
spectral class is all that can be done at present. 

This investigation has been a definite attempt to maintain the 
former position. How far it has been successful it is difficult to 
say. The following table together with Tables IV, V, present the 
evidence for and against the writer’s claim that the magnitudes 
herein determined have a greater individual accuracy than can 
be obtained by following the Mt. Wilson and Arcetri methods. 
What is the true interpretation of this evidence, the writer is not 
in a position to say, the decision must rest with the critical as- 
tronomer. 


TABLE XII 
AVERAGE DEVIATION 
Class A-D D-D 
n N s N n N s N 
+ + + 
B9 0.22 5 0.10 2 0.21 7 0.23 3 
AO 41 17 .60 1 38 31 27 9 
Al 34 15 .42 8 43 29 26 15 
A2 45 8 56 5 37 12 51 10 
A3 18 6 .40 8 31 10 .52 1l 
A4 42 6 .30 3 31 9 51 8 
A5 43 6 .29 8 20 8 .35 ll 
A6— 38 5 .22 5 36 10 32 17 
—FO 
All 0.37 68 0.36 40 0.37 116 0.37 84 
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In Table XII a comparison is given separately for the m and s 
stars between the average deviations of the present magnitudes 
(D) from the Mt. Wilson magnitudes (A) and from the mean 
magnitude (D) per spectral class. As previously, N indicates the 
number of stars. 

In Table XIII the mean absolute magnitudes for each spectral 
class are given. The Mt. Wilson figures are averages for the 
individual means of Adams and Joy.*’ The Arcetri figures are 
taken from Abetti’s diagram,** upper full curves, the s and sn 
curves being averaged. 

The general agreement is good. The Arcetri values are based 
on all the material available from every source, trigonometrical, 
group and spectroscopic data being all included and they are to 
be given greatest weight. The Mt. Wilson values are smoothed 
by graphical means from the original data of Adams and Joy*® on 
101 n-stars and 48 s-stars. The writer’s values are here given 


unsmoothed. The group of A6-FO includes only 5 stars that are 
later than A7. 


TABLE XIII 


AVERAGE ABSOLUTE MAGNITUDE 


Class Mt. Wilson Arcetri Douglas 
n s n s n N s N 
B9 0.6 | —0.2 0.6 0.3 0.3 7 0.3 3 
AO 0.9 0.2 0.8 0.5 0.8 31 0.5 9 
Al 1.3 0.6 1.1 0.7 1.3 29 0.7 15 
A2 1.7 1.0 1.3 1.0 ) 12 0.7 10 
A3 2.0 1.3 1.5 2.0 10 11 
A4 2.2 1.6 Py 1.3 2.0 9 1.4 8 
A5 2.3 1.8 1.8 1.5 2.2 8 1.9 11 
A6 2.7 2.4 2.4 1.9 2.3 10 2.3 17 

—F0 

116 84 


Further Investigations.—This work is the preliminary to a more 
extensive investigation which the writer hopes to carry out in the 


| | | 


300 A. Vibert Douglas 


near future, involving the whole of the A stars of which the Yerkes 
Observatory has spectrograms. With the permission of the 
Director of the Yerkes Observatory, many of the spectrograms 
studied in the course of this work will be re-studied and many 
others not yet measured will be examined. As Dr. J. S. Plaskett 
has remarked, the determination of spectroscopic magnitudes is a 
matter of closer and closer approximations towards the truth. In 
the light of greatly enlarged material, the criteria used in the 
present work will probably require modification and readjustment. 
It is hoped that new criteria may be found, especially in regard to 
the AO stars, so many of which had to be omitted from the present 
list. 
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NOTES AND QUERIES 


Cc icati are invited, especially from amateurs. The Editor 
will try to secure answers to queries. 


Srars witH Five Points 

In a recent address Dr. R. G. Aitken, Associate Director of 
the Lick Observatory, referred to the ignorance as to the most 
elementary facts relating to the solar system and the stars shown 
by students in our institutions of higher learning. In April last, 
said he, there came to the Observatory the senior class of a state 
teachers’ college, consisting of young men and women about to 
go out as instructors of the youth of the land. They did not 
understand the difference between a planet and a star, nor did 
they know even the most conspicuous of the stars and constellations. 

In conversation with several of the party he told of a teacher 
to whom he once showed Jupiter, and who, after a single glance 
at the glorious disc, exclaimed, “Is this a star? I thought all stars 
had five points!” His hearers looked at him with blank faces. 
Apparently they also thought all stars had five points. 

I fear this state of affairs is not confined to California. 

This incident reminds me of another which occurred some ten 
years ago. At a dinner table I was seated next to a very intelligent 
gentleman of about seventy years who had filled some responsible 
positions in the management of a large railway system. Jokes 
were passing freely about, and I related to my neighbor how I 
had at one time propounded to a friend the question, “Is the book 
of Hezekiah in the Old or the New Testament?” and the answer 
had been, “In the Old Testament.” 

“Well, isn’t it?” said he. 


Pepys AN AMATEUR ASTRONOMER 

Samuel Pepys was an amateur astronomer, for in his famous 
Diary under date of August 19th, 1665, he says: 

“... having given my fellow-officers an account hereof at 
Chatham, and wrote other letters, I by water to Charing-Cross, 
to the post-house . . . . so to Staines, and there, by this time, it 
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was dark night, and got a guide, who lost his way in the forest, 
till by the help of the moone, which recompenses me for all the 
pains I ever took about studying her motions, I led my guide into 
the way back again.” 


A BisHop’s LIMERICK 


The following is attributed to the Bishop of Chelmsford: 
There was a young lady named Bright, 
Who would travel much faster than light, 
She started one day, 
In a relative way, 
And came back the previous night. 


Low TEMPERATURES AT HiGH ALTITUDES 


The reason why the atmospheric temperature falls with increase 
in height above the surface of the earth is an ever-recurring sub- 
ject for discussion, and some of the explanations offered in some 
scientific works are either erroneous or quite inadequate. 

In “Science” for June 4, Prof. W. J. Humphreys, of the U.S. 
Weather Bureau, Washington, D.C. considers the question in great 
detail; and as the matter is of wide general interest, the latter 
portion of the article is quoted herewith :— 


The essentials of this explanation are as follows—tediously numerous 
and detailed for any one who really knows the subject, but because of such 
detail all the more helpful to some who may not yet fully understand it: 

(1) A considerable portion, actually between one fourth and one third, 
of the solar radiation incident on the outer atmosphere, gets through to, 
and is absorbed by, the surface of the earth. 

(2) A roughly equal portion is directly taken up by the air, owing 
mainly to the presence of water vapour and carbon dioxide, and, when 
there are no intercepting clouds, generally in increasing amount per unit 
mass with decrease of height. 

(3) Radiation from the surface of the earth also is strongly absorbed 
by water vapour and carbon dioxide, hence, as a rule, decreasingly 
absorbed per unit mass of air with increase of height. 

(4) Clearly, then, through absorption of radiation and by conduction 
from the earth, the surface air is more heated and thereby raised to a 
higher temperature than that of any other level. 

(5) Owing to its expansion with increase of temperature, and to the 
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irregularities of surface heating, the lower air here and there becomes 
lighter than that immediately adjacent to it, by which it therefore is 
pushed up much as a cork is pushed up when let go under water, or a 
balloon when set free. It does not rise of its own accord, as it were, 
or by virtue of some strange levitation as it usually is said to do. It 
is forced up. 

(4G) With increase of height the pressure per unit area becomes less 
and less by the weight of the air left below in a vertical column of unit 
cross-section. 

(7) As the pressure decreases, the rising mass of air expands, but 
always against the then remaining pressure, and thereby does work. 

(8) This work is at the expense of the energy of the expanding air 
—the heat it contains. That is, the rising air expands against the current 
pressure, thereby doing work at the expense of its own heat, and, in 
consequence, growing colder with increase of height. 

This in substance is the end to the most elaborate explanation one 
commonly sees of the cause of the decrease of temperature with increase 
of height. But according to it, no limit is set to the surface temperature 
nor to the height of convection except, inferentially, that which would be 
sufficient to cool the rising air down to the absolute zero. Yet we know 
that the temperature of the surface does not increase indefinitely, and 
that convection is limited to a comparatively low level, and cooling to a 
correspondingly moderate degree. All these limitations result from the 
fact that the air not only absorbs radiant energy but also emits it. 

Now, the efficiency of an object as an absorber of radiation of a 
given kind, or wave-length, depends on its nature and not upon its tempera- 
ture, while its rate of giving out radiation decreases very rapidly with 
decrease of temperature. 

(9) Evidently, therefore, the normal limit to which warmer air at 
the surface or any other level can eventually cool by convection is that 
temperature at which it loses as much heat by radiation as it absorbs. 

On the whole, then, the surface air is gaining heat, and the free air 
losing heat so long as its temperature is greater than that which gives 
the radiation equilibrium mentioned above. In short, all the atmosphere 
under this equilibrium ceiling (roughly seven to fifteen kilometers above 
sea level, according to latitude) is being heated below, especially at the 
surface and cooled above. By this means mainly, and partly by the 
turbulence of the winds, vertical convection of this portion of the 
atmosphere and its consequent decrease of temperature with increase of 
height are perpetually maintained. 

To sum up: The decrease of the temperature of the air with increase 
of height is owing to its dynamical cooling incident to convection which, 
in turn, is maintained by warming below and cooling above, the warming 
by absorption and conduction, the cooling by radiation. 
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Poems: To an Astronomer. 


TO AN ASTRONOMER 


Calm eyes that gaze on constellations and bright orbs which 
nightly move across the sky; 

Eyes that discern, that seek to pierce 

The depths, nor mortal eye nor mind of man 

Hath fathomed yet. 

Contented not is he with simple observation and exact 
recording,—Nay 

He striveth e’er to solve the age’s riddle, 

And from what he knows to build aloft, securely, 

An edifice sublime, not made of dreams or myths, 

But builded strongly, fact on fact imposed. 

And yet—and yet, the great unknown 

Doth still allure and urge the quest eternal 

Upon his unslaked soul, his eyes serene. 


G. W. Lemon. 
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MEETINGS OF THE SOCIETY 


May 11, 1926.—The meeting was called to order at 8.00 p.m. with the 
vice-president, Mr. Chadwick, in the chair. 


Two new members were elected to membership in the society, as fol- 
lows: Mr. W. Burton, Dom. Meteor. Observatory, and Dr. G. M. Shrum, 
Dept. of Physics, Univ. of British Columbia. 


The first item on the programme was a brief talk by Mr. J. A. Pearce 
on the planetary configurations for the month, followed by a description of 
the orbits of the planets Mars and the earth during 1926, the coming oppo- 
sition in November being shown. 

The chairman of the evening then called upon Dean Quainton to give 
an address upon “Astronomy of the Bible.” The speaker first described 
Hebrew cosmogony, which was principally the same as that of the Chris- 
tian church prior to Copernicus, requiring a flat earth, having the future 
abode of men below the terrestrial regions and the stars fixed above upon a 
material sphere. 


As the Hebrew priests saw astrolatry being practised around them 
they feared to allow astrology among their tribes lest it should develop 
into star-worship, and therefore all study of the heavens was frowned upon. 
Observations were thus lacking and no scientific astronomy was practised 
by these people. 

There are, however, references to be found in the Bible which are astro- 
nomical in character, although they are more literary than scientific and their 
application not definitely determined. They are comparatively numerous in 
the book of Job. Such familiar astronomical names as Arcturus, Orion, 
the Pleiades, and the Chambers of the South being examples. 


The Dean concluded his interesting lecture by reminding the audience 
that the Bible is not to be regarded as a book wherein to find scientific re- 
ferences but more as a literary work and spiritual monitor. A hearty vote 
of thanks was then passed to the Dean for his very enjoyable lecture. 

After individual expressions of appreciation and some questions and 
discussion the meeting adjourned at 9.00 p.m., the next meeting being an- 
nounced as an outdoor affair to be held at the Dominion Astrophysical Ob- 
servatory, on Friday, the 21st of May, at 8.00 p.m. 


May 21.—The closing meeting of the Victoria Centre for the spring ses- 
sion of 1926 took the form of an outdoor meeting at the Dominion Astro- 
physical Observatory, which was kindly opened for that purpose on May 
21. Transportation for the large attendance was provided by the Secre- 
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tary, Mr. R. G. Miller, and the Observatory was thrown open to the visi- 
tors at 8.00 p.m. 

It was intended that observations of the moon and planets should occupy 
the evening, but the weather was so unfavourable that such was impossible 
and the program had to be modified considerably. 

Several features of great interest, however, held the attention of the 
audience, which was exceptionally large, numbering about one hundred. The 
first item on the program was a lecture descriptive of the Observatory by 
the Director, Dr. J. S. Plaskett. The speaker told of the origin of the Ob- 
servatory, its installation and work, describing the construction of the spec- 
trograph and telescope in detail. The method of operation was explained 
and demonstrated, showing the ease and simplicity with which the massive 
tube can be pointed to any point in the heavens. 

After the dome and instruments had been inspected, Mr. J. A. Pearce 
gave a lecture on Nebunz and Star-Clusters. The nature of these bodies 
was discussed and many facts concerning their size, number, distributon, 
and distance were given. The lecture was illustrated throughout by lantern 
slides. 

The thanks of the meeting were then tendered to both speakers and the 
meetng adjourned at 9.30 p.m. 

R. M. Petrie, Recorder. 


Correction to Minutes of the meeting at Montreal, reported in the last 
issue :— 

On page 260, under section (5) the word notion should replace motion 
thus “The notion of organism is the most fundamental notion of all science” ; 
and under section (6) spacialization should replace specialization in the 
sentence “There is thus both a spacialization and a temporization of ex- 
tension.” 

A. Visert Doucras. 
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